The results obtained from our previous study showed that the addition of a lychee fruit-derived low molecular form of polyphenol, Oligonol, provoked higher levels of lipolytic activity via the degradation of perilipin 1 in primary rat adipocytes. In the current study, we investigated the possible mechanisms by which Oligonol could promote the degradation of perilipin 1 protein. The addition of Oligonol caused the degradation of GFP-tagged perilipin 1 in a time-dependent manner. Meanwhile, the co-addition of Oligonol and NH 4 Cl, a lysosome inhibitor, failed to promote the degradation of perilipin 1, while the co-addition of Oligonol and MG132, a proteasome inhibitor, induced a reduction in the levels of perilipin 1. These results suggest that the Oligonol-induced degradation of perilipin 1 is regulated via a lysosome-dependent mechanism.
Obesity, which is rapidly becoming a major global health, social, and economic problem, results from excess energy intake over energy expenditure and leads to disorders of metabolism with substantial morbidity and mortality. Adipocytes, which were previously viewed as passive cells that accumulate excess energy as triacylglycerol (TG), play a critical role in energy metabolism by providing fatty acids that are used as oxidative fuels for several tissues through the hydrolysis of TG. Thus, the regulation of lipid metabolism in adipocytes, i.e., both the inhibition of TG synthesis and the increase in lipolysis, has been considered a target of therapy to improve diet-induced obesity and its related disorders.
Habitual and acute physical exercise has been the focused on therapy for both the prevention and treatment of obesity through increases in lipolytic responses [1] , which include morphological and physiological alterations such as reduced cell diameter [2] , lower TG content [3] per se, and a decrease in the differentiation from pre-adipocytes into mature adipocytes [4] . On the other hand, exercise can be problematic for obesity-induced diabetic patients, who are developing complications such as diabetic nephropathy, retinopathy and neuropathy. Diet, however, requires neither a physical nor a metabolic load being placed on the body, as exercise might. Therefore, it is important to explore the benefits of a restrictive diet and the food factors that can be beneficial in preventing the accumulation of body fat.
In previous studies, the oral administration of Oligonol, which is an optimized phenolic product mixture of lychee fruit polyphenols containing catechin-type monomers and lower oligomers of procyanidin [5, 6] , has improved the high-fat diet-induced dysregulation of the genes for adipokines by reducing the amount of white adipose tissue in mice [7] , as well as in obese humans [8] . Moreover, the results obtained in our previous studies showed that the primary culture of adipocytes with Oligonol significantly activated the lipolytic response, which was monitored by glycerol release from adipocytes into an incubation medium, accompanied by the degradation of perilipin 1 following an increase in the phosphorylation of the ERK 1/2 molecules [6, 9, 10] . Oligonol is thus expected to be an agent that has a biological effect on the metabolism of fat cells depending on perilipin 1, because both the level and the subcellular localization of perilipin 1 are closely associated with the regulation of lipolysis in adipocytes [11, 12] .
In addition, it is widely accepted that the post-translational degradation of protein is mediated via the ubiquitin-proteasomal system [13] and/or lysosomal degradation machinery [14] , thereby suggesting that the Oligonol-induced degradation of perilipin 1 is elicited by these proteolysis systems. Therefore, the objective of the present study was to use a visually intuitive manner in determining whether the degradation of perilipin 1 with Oligonol is dependent on such a proteolysis system. As shown in Figure 1 , the addition of Oligonol to HeLa cells revealed a gradual degradation of green fluorescent protein (GFP)tagged perilipin 1 proteins in a time-dependent manner, indicating that Oligonol is capable of attenuating levels of the GFP-tagged perilipin 1 protein via the induction of a cellular proteolysis system, because newly synthesized proteins of GFP-tagged perilipin 1 were inhibited by cycloheximide ( Figure 2) ; that is, namely, this phenomenon was reconfirmed by the results of immunoblotting analysis: levels of GFP-tagged perilipin 1 protein were significantly decreased with Oligonol compared with non-treated control cells at 9 h. Moreover, it was interesting that the addition of NH 4 Cl, a selective lysosomal inhibitor, with Oligonol failed to downregulate GFP-tagged perilipin 1 proteins, whereas the co-addition of Oligonol and MG132, a selective proteasome inhibitor, significantly decreased the levels of GFP-tagged perilipin 1 protein in the same manner as with the addition of Oligonol alone (Figure 2) . These results suggest that the proteolysis machinery via lysosomes plays a critical role in the Oligonol-induced degradation of perilipin 1 protein.
The results obtained in our previous studies showed that Oligonol downregulates the levels of perilipin 1 protein via a significant increase in lipolysis in primary adipocytes [6, 10] .Under basal conditions, perilipin 1 has a barrier effect on the binding of lipases to lipid droplets [15, 16] , although it acts as a scaffold protein in order to facilitate lipase access to lipid droplets [17, 18] . Actually, lipolytic responses failed to further increase with co-incubation of Oligonol and isoproterenol, a synthetic catecholamine, compared with the addition of isoproterenol alone (data not shown), suggesting that Oligonol is capable of regulating the basal rate of lipolysis via the downregulation of perilipin 1 independent of lipolytic response via catecholamine stimuli. Thus, Oligonol would be expected to be a food factor that can improve body fat accumulation independent of exercise therapy, because levels of plasma catecholamines have been shown to increase definitely during physical exercise.
It is noteworthy that Oligonol-induced proteolysis of perilipin 1 is mediated by lysosomal degradation machinery. Indeed, perilipin 1 is degraded via lysosomal systems, because treatment of adipocytes with lysosomal inhibitor enhances the levels of perilipin 1 protein without alteration of its transcriptional rate [19] . In addition, treatment of epigallocatechin gallate, which comprises Oligonol, activates a pathway involving lysosomal trafficking of target protein [20] . Consequently, catechin-type polyphenol-induced proteolysis via lysosomes would be a trigger for degradation of perilipin 1 with Oligonol. This concept is supported by our results whereby the degradation of perilipin 1 protein was visually observed following the addition of Oligonol (Figure 1) . Meanwhile, treatment of MG132 did not recover the attenuated levels of perilipin 1 protein ( Figure 2 ).
In conclusion, Oligonol has the capacity to attenuate the levels of perilipin 1 protein through the induction of lysosomal degradation machinery. Thus, Oligonol is expected to improve lifestyle-related diseases through its lipolytic capacity.
Experimental
Oligomerized polyphenol Oligonol: The safety of Oligonol, a lychee fruit-derived low molecular form of polyphenol, has been confirmed as a food or dietary supplement and as a pharmaceutical additive [5] . Oligonol is comprised of a catechin-type mixture of 15.7% polyphenol monomer and 13.3% polyphenol dimer [6] , which is obtained by oligomerizing the polyphenol polymers. Oligonol was dissolved in ethanol, and freshly prepared solutions were used for each experiment. Oligonol is commercially available (Amino Up Chemical Co., Ltd., Sapporo, Japan).
Preparation of plasmid and transfections: cDNA encoding a full
open reading frame of the rat perilipin 1 was amplified from total RNA isolated from the epididymal adipocytes of 8 week-old male Wistar rats by reverse transcriptase-PCR using specific primers (5'-ATGGAGGCCCGAATTCATGGGTGAAACTCT-3' and 5'-CGGCGCCATGGAGCTCATACAAGTCCTTGT-3'). The purified PCR product was inserted into the pEGFP-N1 vector (Clontech). pEGFP-tagged perilipin 1 was created by cloning perilipin 1 cDNA with 5' -ECoR1 and 3'-Xho1 site up-stream and in-frame with the GFP sequence in pEGFP-N1. With the exception of the stop codon, the entire range of perilipin 1 coding parameters was included. Before transfection of the plasmid, HeLa cells were cultured in Dulbeco's modified Eagle's (DMEM) medium supplemented with 10% calf serum without antibiotics for 24 h. The plasmid was transfected into HeLa cells, which have been used to assess the function of lipolytic molecules [21] [22] [23] [24] , using Lipofectamine, (Invitrogen) according to the manufacturer's protocol. The cells were incubated for 24 h after transfection, and then used for both timed lupus analysis and incubation assay.
Timed lupus imaging analysis and incubation assay:
The plasmidtransfected HeLa cells were propagated in DMEM with 10% calf serum and antibiotics (100 U/mL of penicillin and 100 g/mL of streptomycin) throughout both the timed lupus imaging analysis and the incubation assay. In the timed lupus imaging analysis, HeLa cells, which were overexpressed GFP-tagged perilipin 1, were preincubated with 50 g/mL of cycloheximide, a selective protein synthesis inhibitor, for 24 h, and then 20 g/mL of Oligonol [6] was added to the cells at indicated time points, and used for timed lupus imaging analysis via a Bio Station imaging system (Nicon Co. Ltd., Tokyo, Japan). In the incubation assay, HeLa cells were preincubated with 50 g/mL of cycloheximide for 24 h, and then added to 20 g/mL of Oligonol [6] and 25 M of either MG132 or 25 M NH 4 Cl for 9 h. After that, the cells were harvested in preparation for the extraction of protein, as described below.
Protein extraction and Western blot analysis:
HeLa cells were washed 3 times with phosphate-buffered saline (137 mM NaCl, 8.1
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Natural Product Communications Vol. 7 (9) 2012 1195 mM Na 2 HPO 4 , 2.68 mM KCl, 1.47 mM KH 2 PO 4 ) and collected by cell scraper. The cells were homogenized in ice-cold homogenization buffer (Pierce, Rockford, IL), including both a protease inhibitor cocktail (Roche Diagnostics, Indianapolis, IN) and a phosphatase inhibitor cocktail (Sigma, St. Louis, MO), followed by 20 passages through a 5/8-inch, 27-gauge needle attached to a syringe maintained at 4ºC. The homogenate was centrifuged at 40,000 g and 4ºC for 30 min. The clear sample obtained from the supernatant was used as the cell extract for Western blotting analysis. The samples were frozen at -80ºC for later analysis. The samples were mixed with Laemmli's sample buffer and then placed in a boiling water bath at 100ºC for 3 min. The samples were cooled and then loaded onto a 10% SDSpolyacrylamide gel. After electrophoresis, the proteins were transferred onto a PVDF sequencing membrane (Millipore Corporation, Billerica, MA). The PVDF membrane was first incubated for 60 min in a TBS-T (100 mM of Tris-HCl, pH 7.4, 150 mM of NaCl, and 0.1% Tween20) containing 5% skim milk (Wako). After washing, the PVDF membrane was incubated with a specific antibody in the washing buffer at 4ºC overnight. The following antibodies were used at a 1:1,000 dilution: green fluorescent protein (GFP) (Cell Signaling Technology, Inc., Danvers, MA), AND Perilipin 1 (Abcam, Cambridge, UK). After washing, the membranes were incubated for 60 min with rabbit anti-rabbit immunoglobulin G (1:2,000 dilution)-conjugated horseradish peroxidase antibody (Dakocytomation, Glostrup, Denmark). The membranes were washed, and then the immunoreactive bands were detected using an ECL system (GE Healthcare, Buckinghamshire, UK) from Kodak X-ray film (Kodak, Tokyo, Japan).
Statistical analysis:
Values are expressed as the mean ± S.D. An analysis of variance was performed to establish that there were significant differences between the groups, and then the significance of the differences between the mean values was assessed using a Scheffé's test. A P-value of < 0.05 was regarded as significant.
